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We have made electrical, optical and spectroscopic measurements on a dielectric
barrier discharge cell, similar to the cells in an ac plasma display panel. A plasma display
panel (PDP) is an array of discharge cells, where each cell is one pixel. The array lies
between two parallel sheets of glass separated by a small uniform gap. Each sheet has a set
of parallel electrodes, oriented horizontally on one sheet and vertically on the other. The
resulting two sets of electrodes become an x and y addressable grid. The electrodes are
coated with a thin layer of dielectric material in the case of an ac-PDP. The space is filled
with a gas or gas-mixture. The development of plasma display panels is being driven by the
imminent introduction of HDTV technology.

If a sufficient voltage is applied to one electrode, the current that flows produces a
breakdown in the gas. However while there is a voltage across the cell, a charge builds up
on the dielectric material, providing a voltage which opposes the applied voltage so the
current stops and the discharge is extinguished When the voltage is reversed, or switched
to the other electrode, this wall voltage adds to the applied voltage and thus a lower applied
voltage is required to produce a discharge. So an alternating voltage can be supplied which
is sufficient to sustain the discharge but not large, enough to initiate it. If the plasma is off,
then a small addition to the applied voltage will start it. It will stay on until it gets an applied
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Figure 1
Leading Edge of Voltage Pulse (bottom) and

Resulting Current (top) and Light Pulse (middle)
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opposing voltage and it will turn off. Hence a dielectric barrier discharge can act as a
display cell and memory cell that switches on or off only when addressed. This is
particularly useful for its application in plasma display panels (PDPs).

Our cell consists of two 5 mm square electrodes covered by glass microscope cover
slips, and separated by a gap of 2 mm. The dimensions of the cell are approximately lOx
larger than those of a PDP cell. The cell is driven by square voltage pulses variable up to
400V, which are alternately supplied to each electrode. Figure 1 shows the leading edge of
the voltage pulse applied to this cell, and the resulting transient current pulse.

We have measured the breakdown voltage and the sustain voltage - the voltage at
which the discharge extinguishes when the pulse amplitude is reduced - a s a function of the
argon filling pressure for this discharge. Both the breakdown voltage and the sustain voltage
exhibit a variation with pressure which are similar to the breakdown characteristics of a gas
between conducting electrodes (Paschen curves) - see Figure 2.
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Figure 2
Threshold and Sustain Voltage vs Pressure
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We have obtained time-resolved optical images of the plasma from the side of the
cell (i.e. looking at the gap between the electrodes, rather than through the electrodes) using
an image intensifier coupled to a CCD as a framing camera. This shows most light is
emitted from the regions adjacent to the electrodes and it is emitted from the plasma during
the current pulse, however there is some light emitted during the time when the current
should not be flowing and the plasma should be off.
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